Study objective -Previous studies have established a relationship between low levels of social networks and total mortality, but few have examined cause specific mortality or disease incidence. This study aimed to examine prospectively the relationships between social networks and total and cause specific mortality, as well as cardiovascular disease incidence. Design -This was a four year follow up study in an ongoing cohort of men, for whom information on social networks was collected at baseline. The main outcome measures were total mortality, further categorised into deaths from cardiovascular disease (stroke and coronary heart disease), total cancer, accidents/suicides, and all other causes; as well as stroke and coronary heart disease incidence. Participants -Altogether 32 624 US male health professionals aged 42 to 77 years in 1988, who were free of coronary heart disease, stroke, and cancer at baseline. Results -A total of 511 deaths occurred during 122 911 person years of follow up. Compared with men with the highest level of social networks, socially isolated men (not married, fewer than six friends or relatives, no membership in church or community groups) were at increased risk for cardiovascular disease mortality (age adjusted relative risk, 1*90; 95% CI 1-07, 3X37) and deaths from accidents and suicides (age adjusted relative risk 2-22; 95% CI 076, 6-47). No excess risks were found for other causes of death. Socially isolated men were also at increased risk of stroke incidence (relative risk, 2-21; 95% CI, 1-12, 4.35), but not incidence of non-fatal myocardial infarction. Conclusions -Social networks were associated with lower total mortality by reducing deaths from cardiovascular disease and accidents/suicides. Strong social networks were associated with reduced incidence of stroke, though not of coronary heart disease. However, social networks may assist in prolonging the survival of men with established coronary heart disease.
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The association between social realtionships and health was originally described by Durkheim,1 who reported an increased risk of suicide among socially isolated individuals. Subsequent epidemiological research has established that social networks predict not only the risk of suicide, but all-cause mortality.2 To date, eight prospective epidemiological studies have reported an increased risk of total mortality in socially isolated individuals.`'0 Despite the wealth of evidence on social networks and total mortality, some important questions remain unanswered.
Firstly, it is not clear whether the increased risk of total mortality reflects a generalised susceptibility to illnesses among socially isolated individuals,"1 or whether such persons are at especially high risk of mortality from specific types of illness. There is some evidence that social isolation is associated with an increased risk of cardiovascular disease mortality6'2 and total cancer mortality." However, virtually all of the prospective studies to date have reported data on total, but not cause specific, mortality. Secondly, it is not known where along the spectrum of disease social networks exert their impact. The major prospective studies of social networks have examined mortality, but not disease incidence. Thus it is not clear whether social networks influence disease incidence, recovery, or case fatality. ' To address some of these unanswered questions about social networks, we prospectively studied the associations between social networks and subsequent disease incidence and cause specific mortality.
Methods
The health professionals follow-up study is a longitudinal study of risk factors for cardiovascular disease and cancer among 51 529 US men aged 40 to 75 years in 1986. The study population consists of 29 683 dentists, 10 098 veterinarians, 4185 pharmacists, 3745 optometrists, 2218 osteopathic physicians, and 1600 podiatrists. The study began in 1986, when cohort members completed a mailed questionnaire on heart disease and cancer risk factors, medical history, and diet. Follow up questionnaires were sent in 1990 and 1992 to update this information. index as part of the 1988 mailed questionnaire. The social networks index was originally developed in the Alameda County study,3 and is a composite measure of four types of social connection: marital status (married versus not married); sociability (frequency and number of contacts with extended family and close friends, rated on a scale of 1 to 5, with high values associated with many contacts and low values with few); church group membership (yes versus no); and membership in other community organisations (yes versus none). Responses to the index are categorised into four levels of social connection: low networks (level I) -for example, characterised by individuals with low intimate contacts (not married, fewer than six friends or relatives), and no membership in either church or community groups; medium networks (level II); medium-high networks (level III); and high networks (level IV). Further details of the construction of the social networks index are described elsewhere. '5 In addition to the assessment of social networks, we obtained information from the baseline and follow up questionnaires on the participants' medical history, current smoking habits, body mass index, levels of physical activity, alcohol intake, parental history of myocardial infarction (including the age of each parent at the first event), and participants' self reported history of diabetes mellitus, hypertension, and hypercholesterolaemia. The accuracy of a self reported diagnosis of hypertension was confirmed and reported in a validation study among 100 cohort members. ' We also examined all incident cases of coronary heart disease and stroke occurring between the return of the 1988 questionnaire and January 31, 1992 . We wrote to all participants reporting an incident myocardial infarction or stroke on the 1990 or 1992 questionnaires to request permission to review their medical records. A definite myocardial infarction was classified according to the criteria of the World Health Organization,'8 and required symptoms plus either typical electrocardiographic changes or high levels of cardiac enzymes. A definite stroke was classified as confirmed if the criteria of the national survey of stroke were met. 9 Incident cases of non-fatal myocardial infarction and non-fatal stroke were classified as "probable" if the hospital records could not be obtained but the event required admission to hospital and the diagnosis was corroborated by supplementary correspondence or telephone interview.
Fatal coronary heart disease was made up of cases of fatal myocadial infarction confirmed by hospital records or autopsy reports; cases of sudden cardiac death (defined below); plus other deaths from coronary heart disease as determined from death certificates, if evidence ofprevious coronary heart disease was available (either from hospital records or interviews with the next of kin) and this was the underlying and most plausible cause of death. In no instance did we use death certificate classification alone to categorise a death as due to coronary heart disease. Sudden cardiac death was defined as death occurring within 1 hour of the onset of symptoms in a man with no previous serious illness, for which no other plausible cause of death -other than coronary diseasewas reported.
Death due to stroke was ascertained by physician review of hospital records and autopsy reports. In this study, 92% of the non-fatal myocardial infarction and fatal coronary heart disease, and 87% of the non-fatal and fatal strokes were classified as definite events.
STUDY POPULATION former, and current in categories of 1 to 14, 15 to 24, and 25 or more cigarettes per day), history of hypertension, diabetes mellitus, and hypercholesterolemia, diagnosis of angina pectoris, deciles of body mass index, parental history of myocardial infarction before age 60 (yes/no), daily alcohol intake (0, 0-414-9, 5-0-14-9, 150-24-9, 250-49-9, or 50 or more g/day), and tertiles of physical activity.
January 31, 1992 (or, for those who died or developed cardiovascular disease, up to the date of the event). Proportional hazards models were used to adjust for age (in 5 year age categories), cigarette smoking (categorized as current smokers of 1 to 14, 15 to 24, or 25+ cigarettes per day, past, or never smokers), alcohol intake (00 g/day, 0-01-4-9, 5-0-14-9, 15-0-24-9, 25-0-49-9, and 50-0 or more g/ day), body mass index (deciles), history of hypertension, diabetes mellitus, hypercholesterolaemia, angina pectoris, family history of myocardial infarction before age 60, and physical activity (tertiles If improved survival among individuals with already established disease is indeed the mechanism by which social relationships affect mortality, we would not expect to find a protective effect of social networks for sudden cardiac death, since by definition, death occurs within one hour of the onset of symptoms. Consistent with this hypothesis, we found no association between level of social ties and sudden cardiac death (p for trend, 0-94), but a dose-response gradient with risk of non-sudden cardiac death (p for linear trend= 0-05) (table 5) . Finally, we assessed potential effect modification by smoking status and diagnosis of hypertension. Within strata of smoking status (never, former, and current smokers), the strongest association of social networks with total mortality was found among current smokers. The relative risk of total mortality in the least socially connected group was 2-16 (95% CI 1-10, 4-23) among smokers, 1P73 (95% CI 109, 2-76) among former smokers, and 1P10 (95% CI 0-53, 2-28) among never smokers. The smoking X social isolation interaction term was statistically significant (p<-001). The impact of poor social networks on cardiovascular mortality was stronger in men with a diagnosis of hypertension (relative risk, 2-62; 95% CI 1P07, 6A45) than in men without hypertension (relative risk, 1-57; 95% CI 0 74, 3 31). When we ran a model assessing interaction, the hypertension X social isolation term was statistically significant (p = 001).
Discussion
Our findings are compatible with the notion that social networks reduce total -mortality by lowering deaths from cardiovascular disease and accidents/suicides. In previous studies, the relative risks of total mortality among the most socially isolated individuals ranged from [1] [2] [3] [4] [5] [6] [7] [8] (in the Evans County study) to 4-0 (in the Gothenburg study), whereas the present study found a multivariate relative risk of about 1A4.
The smaller magnitude of risk found in the present study may be partly due to the high socioeconomic status and relative homogeneity of health professionals who continued our cohort. High socioeconomic status -associated with such resources as a high level ofknowledge about health and disease, or access to health care and other material goods -may reduce some ofthe disadvantages ofsocial isolation.2223 We were also able to adjust for a broader range of health behaviours and risk factors in this study compared with previous investigations. 34 In terms of the magnitude of the association, an adjusted relative risk of total mortality of 1-4 is comparable to the effect of cigarette smoking on total mortality reported in some studies. 2425 Four potential pathways have been proposed through which social relationships might affect health.'4 Firstly they may have an affect through the provision of instrumental support, such as financial assistance or services in kind. Such tangible assistance could contribute to the recovery and survival of patients after major illness (such as stroke), independent of professional medical services. A second pathway is through the provision of information and advice that might assist individuals to seek medical care services, or to adopt more health promoting behaviours, such as smoking cessation. The existence of such a pathway is supported by two of our findings: that socially isolated men were less likely to undergo medical screening (table 1) and, secondly, that the effects of poor social networks were strongest among those who smoked or had hypertension. If risky health behaviours (such as smoking) are in the pathway through which poor social networks act, then control for such behaviours in multivariate analyses may constitute statistical over adjusment and attenuate the reported associations towards the null.
A third postulated pathway linking social networks to health is the provision of emotional support. A recent report26 indicated that after an acute myocardial infarction, patients who lacked emotional support were nearly three times as likely to die during the first 6 months (odds ratio, 2-9; 95% CI 1-2, 6-9) compared with patients who received emotional support. A limitation of our study is that we Our analyses of coronary heart disease incidence suggest that social relationships affect survival following the onset of coronary heart disease, but not the incidence of new disease. A prospective study of social networks among Japanese-Americans residing in Hawaii3' also found no association with incidence of nonfatal myocardial infarction. In our data, poor social ties were associated with an increased risk of fatal coronary heart disease, but only if sudden cardiac deaths were excluded as an end point. The finding that social networks have little or no influence on the risk of sudden cardiac death suggests that the protective mechanisms associated with social ties operate after the onset of illness. This interpretation is also consistent with several prospective studies among patients with established coronary heart disease,26 [32] [33] [34] [35] in which social relationships were found to predict survival after acute myocardial infarction.
The association of strong social ties with reduced stroke mortality was previously described in the Alameda County study.3 To our knowledge, no other study has reported a protective effect of social networks on stroke incidence. Several previous studies have reported a protective effect of social ties on cancer survival,'33536 although the evidence has been inconsistent3738 depending on the stage of the cancer and the tumour site. We found no association of total cancer mortality with social ties, although our four year follow up period cannot exclude an effect on long term survival. We caution that some of our disease specific findings are based on limited duration of follow up with small numbers of cases. Nonetheless, our data suggest that social networks may improve the outcome of established disease, especially cardiovascular disease. 
